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FECAL COLIFORM AND S‘I‘REPTOCOCCUS CONCENTRATIONS IN
RUNOFF FROM GRAZED PASTURES IN NORTHWEST ARKANSAS!

: D; R. Edwards, M.,'S. Coyne, P F. Vendrell, T. C. Daniel, F. A. Moore, Jr., and J. F, Murdoch®

ABSTRACT: Agricultora) practices such as cattle graging and ani-
mal mapure apphication csn cootribote to relatively high runoff
contentrstions of local coliform (FC) and fecal streptococens (FS).
Avnilable informstion, however, is inconsfatant with respect to the
effocts of woch practices sa well as to messures that can discrimi-
" nats wmong candidate sonrces of FC and FS, The objective of this
study was to asscas the cffects of grixing, time of year, and Tonofl
amounts on FC and #8 concsntrations and to evaluate whether
FO/FS concentration ratios are conslatent with earlier valves
reported an charscteristic of animsl sources. Runoff from lour
Northwest Arkansas flolds was sampled and analyzed for fecnd cal-
iform (FC) and feoal itreptococenn (FS) for nanrly three yeara

(1991.1984). Each field wan grazed and fertilized, with two fields’

receiving inorgavic lertilizer and two recelving animal monore.
Runoil ameurt had no éffect on- runofl concentrations of FC or F.
There ware na consistent relntionships between the presence of cat-
tla aad PC and F8 runoll concentretions. Both FC and F3 coneen-
trations were afTocted by the seavon during which the runcfT
ocourred. Higher concentrations were observed during warmer
_mwnths. Runoff FC concentrations extoeded the primary contact
standard of 200 cfu/100 ml. doring at least 89 percant of all rupofl
ovents and the secondary contact standard of 1000 ofn/300 mL dur-
ing nt least 70 parvent of the events. Ratios of FC to 3 concentira.
tioas varied widely (from near zero to mare than 100}, confirming
earlier findings thet FO/FS rutios are not & refiable indicator of the
source of FC and F8.
.(KEY TERMS: cattle; runoil; manure; water qunhtr fecs! coliform;
fecal moptucnctul.)
S

INTRODUCTION

Chemical and microbislogical waler guality

. impacta of agricultural practices such as cattle

grazing and animal manure application have been

extensively studied over the past two decades. Polen-
tial pollatants such-se nutrients and sediment have
ceriainly deserved the attention they have historically
received. Microbiological guality indicators and their
interpretations, however, are increasingly important
for identifying rational management strategies that
protact environmental guality without creatmg
unnecessary challenges to efficient, economich] ani-

‘mal preduction.

Anima) manures can contain numerons pathogens
(e.g., Azevedo and Stout, 1974; Ellis and McCallg,
1876) that are potentially harmful o humans, The
potential impacts of poor microbiological quality are
relatively immediate and personal in comparison to
the loriger-term impucts generally associated with
poor chemical (e.g., nitrogen and phosphorus) quality.

M:imbiological water quality is typically assessed
using fecal coliform (FC) and, less commonly, fecal
streptococcus (FS) analyses. Fecal coliforms ate enter-
ic to warm-blooded animals, and their presence in
water is generally taken as indicating feeal polluhon
Common FC standards for waters designated for pri-
mary and. se«wndary contact usage are 200 and 1000
colony. forming units (cfu)/100 mL, respectively (e.g.,
Arkansai Department of Pollution Control and Ecole-
gy, 1992). Fecal streptococcus is predominately an
enteric organism but is not as reliable an indicator of
fecal polh;tmn as FC, because there are non-enteric
FS species native to insects, soil, and vegetation (Gel-
dreich, 1976; Hunt ¢ al., 1979; K)bbey et al., 1978).

- Geldreich el al. (1968) prnpoaed using the ratio of ¥C
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prowded certain sam-

Geldreich, 1967, 1970;
. gvailability of such a tool
urees would aid immensely
t should be focused te best

of agricu
mnm'n"e applicatian Reviews of such stadies
have eported by Crane e? al. (1983), Bohn and
uckhouse (1985), and Baxter-Potter and Gilliland
(1588), among others. The task of relating microbio-
logical water guality to graxing and/or manure appli-
cation has besn singularly challenging. Manure
(mechanically-applied or dapoaited by livestock) is

variable hydrologic factors sach as rainfall and ranoff
(except when manures are directly deposited into
waters).

The microbiclogical dynamics that are operative in
the interim between manure deposition and transport
by runoff further ¢loud relationships between manure
and microbiological water quality. The quantity of
microbiclogical po]lntanta present and available for
runcif transport is & complex function of interacting
variables puch as temperature, timing and rate of
manure deposilion, soil conditions (especially mois-
ture), sunlight, pH, toxic substances, competitive
organisms, and orgamc matter {Gerba ef al., 1976).
Most enteric organisms persist a short time outside
their hose. Reddy et al, (1981) modeled die-off of

microbiologica) indicator organisms as a first-order.

process that depends on several related varigbles
such as those listed previously. Zhai ez al. (1995)
demonstrated that the firsi-order mortality model fit
well for the initial weeks following manure deposi-
-tion. Regrowth of FC, however, has been cbhserved in
studies reported by Cuthbert et al. (1850), Crane et

al. (1880), Howell et al. (1996) and Van Donssl et al,

(1967). As a result of the difficulties and uncertainties
in mathematically relating microbiological water
quality to grazing and/or manure application, the

majority of information on the topic iz empirical and-

frequenily contains apparent contradictions.

Manure from prazing cattle can increase FC and
F8 concentrations in runoff from grazed pastures.
Runoff from simulated rainfall applied to eattle
droppings vontained FC concentrations.of 4.0 x 104
fu/100 mL 30 4 following deposition (Thelin and Gif-
ford, 1983) and 4.2 x 18% f/100 mL 100 4 following

JAWRA

typically considered a nonpoint source pollutant. The .
occurrence and degree of microbiological pollution is
thus inseparably linked to temporally- and spatially-

Edw ardn. m’ Vendsel}, Daniol, Moars, and Murdoch

depesition (Kress and Gifford, 1984). Doran and Linn
{1979} and Doran et al. {1981) analyzed runoff from
grazed and ungrazed pasture fields in Nebraska for
¥C and F8, finding that mean FC corcentrations
were 6-10 times greater in runoff from the grazed

“{average of 1.1x105 cfa/100 miL) than from the

ungrazed field (average of 1.3x104 ¢fu/100 mL),
Runoff FC concentrations were less during snowmelt
tunoff than during rainfall runoff. Mean runoff F8
coneentration, however, was greater for the control
field than for the grazed field. Ratios of FC to FS con-
centrations were judged useful in differentiating
between domestic animal manure and wildlife
manure pollution, %

In a similar study, Jawson et al. (15982) monitored
runoff from grazed and ungrazed fields, Thesa
researchers found higher FC concentrations in grazed
fisld ranoff, with the differences in FC concentrations
between grazed and ungrazed field runoff increaxing
with time info the experiment. Runoff concentrations
of FC during the three-year study averaged from 2.6 x
102 to 1.5 x 108 cfu/mL for the prazed field and from
4,0 x 100 to 4.7 x 102 cfu/100 mL for the ungrazed
field. Runoff concentrations of total coliforms (TC)
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and ¥S, however, did not appear to differ between the - 8¢

two fields, Runoff concentrations of I'C, FC, and ¥S

‘increased each Bpring after warm weather Tor Both
fields, oven when cattle hag been absent for a coneid-

erable Bime from the grazed field. The FC/FS concen-
trafion ratio was not considered useful - in
distinguishing between domestic and wildlife sources
of pollution, possibly because of the relative persis-
tenee of FS in comparisen to FC.

The relntinnship between grazing and microbiclogi-
cal quality is lees clear for stream samples that are
collected without' consideration of runoff events (i.e.,
grab samples). Stephenson and Street (1978) found

that FC concentrations in grab samples from. Idaho-

stream sites were directly related to cattle grgzing,
increased in response to rainfall runoff, and were in
excess of 2.0 x 10° cfu/}00 mL. The highest FC con-
centrations were obeerved in the summer, during
intermittent stream flow. Tiedemann et al. (1988)
showed that FC concentrations in Oregon streams
were rolated to grazing strategy, with. mean concen-
trations above 1.0 x 10° cfw/100 mL for some prazed
fields. 1:?1‘2 researchers did not find a conclusive rels-
tionghip Tatiie presence and FU concentra-
tions, but found rélationehips between stream
concentralions and water Lemperature or oW rate.
e FO/FS ratio appeared neelal i discrimmating
between domestic and wildlife sources of fecal pollu-
tion. Skinner et al. (1974) monitored streams in
Wyoming draining areas of diverse jand use and
found that maximum FC concentrations cccurred in
July/August. There was littla difference between
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grazed and oﬂmr land uses in t.enns of FC concentra-
tions, and the FCIFS ratio did not appear useful in
determmmg sources of fecal pollution. Gary ef al.
(1983) found that FC concentrations in a Colorado
ql;ream reupmded to cattle grazing only at a relatively
- 'h:g'h stocfkmg rate (150 cattle on 160 ha). Observed
-P(toncentrations were relatively low, averaging from

5 }51 “Bhly 6.0'x 100 to 1.8 x 103 cfw/100 mL for &l} fielde and

i stédy periods.

- " The apparently contradictory conclusions reached
“ "in these studies suggest that the impacts of
grazing/manure application on microbiological water
quality are not clearly understood. Similarly inconsis-
et eorTelisions exist regarding the usefulness of the
FC/FS ratio as a tool to help identify microbiological
poltution spurces and thus to reduce pollution from
these sources. There are also several unanswered
practical questions related to the issue of mierchiolog-

%Wwda of "Batk-
g%un‘__;mmmof microbiological parameters
and the appropriaieness of current m:crbbmiog)cal
water mi hly stsuﬁgmg

e earlier-tited studies of Doran and Linn (1579),
Doran ef al. (1981) and Jawson ¢! al, (1982) indicated
that storm runoff from ungrazed pasture can exceed
both primary and secondary contact standards. Back-
ground concentrations in stresms can also exceed pri-

mary conlact standards, as reperted by Hollon ef al.
T an aren in Tennesses and Blevins

et o for agricultural watersheds in cenfral.
m%_n—mé;y Niemi and Niemi (1991) also

répurted TRAL streama draining pristine areas in Fin-
land sometimes did not meet microbielogical quality

standards for good swimming water. The question of
background FC concentrations is further complicated
by evidence of muliplication and growth of enteric
bacteria (e.g., Hendricks and Morrison, 1967; Howell
et al, 1996), Thus, regardiess of their values and
influential variebles, it appears that even background
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eoncentrations of FC can exceed standards for both

primary and secondary contact.

This study was z'mtgfsted to collect and analyze data
that can help to resolve some of the genera) questions
that have been rafsed regarding microbiological water
guality impacts of grazing/manure application. The
specific objectives of the study were to determine the
effects of (a) cattle presence, (b) time of year and
(c) storm runoff amount on runoff concentrations of
PC and F5. A secondary cbjective of the work was to
determine whether observed FO/FS ratios were con-
siatex_lt with previously-sugpested values indicative of

‘non-human microbiological pollution. The information

from this study extends the data base on microbiologi-
cal water quality impacts of caitle grazing and tan
thus improve our understanding of how microbiologi-
cal water quality parameters are related to influential
varinbles and proceeses. This study did not address
runoff FC and F8 contributions from wildlife. While
such contributions undoubtedly occurred, they were
considered part of "background” FC and FS contribu-
tions,

- METHQDS AND MATERIALS -

Runoff from two pairs of fields was monitored and
sampled from September 1991 to April 1894, The
fields are identified as RA, RB, WA and WB. Fields
RA and RB were owned by one individual, and fields
WA and WB were owned by another. The ﬁald identi-

_fiers denote ownership (owner “R” or owner "W*) and -

order in which instroments were installed (“A” is first
and “B” is second). Fields RA and RB were adjacent,
while fields WA and WB were separated by approxi-
mately 300 m. Selected charaeteristics of the moni-
‘tored fields are given in Table 1. All fields are located
in northwestern Arkansas (368°00°N, 94°256°W). and

?
TABLE 1. Selocted Chararteristics of the Monitored Fields.
Area Curve ' Average Length EredbOly®
Field (ba) Soft Texturel Nomber®” Blope () (Mghr/year)
RA 123 Silt Loam 14 0.03 102 0.99
. RB 057 Sandy Loam 61 0.02 188 0.54
WA 148 Loam % 0.04 287 0.54
WwB 1.06 Sendy/Gravelly Loam 84 0.04 238 049
& THurper et ul, 1968.
¥ 78011 Conservation Bervice, 1966.
¢ 3801l Conservation Seyvice, 1583,
Jmmu OF THE AMETIGAN WATER RESOURCES ASSOCINTION 415 © JAWRA
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have a mean elevation of approximately 360 m, The
mean annnal rainfall and mean daily temperature for
Fayetteville, Arkangas, the nearest location (approxi-
mately 85 km ‘east) for which detailed climatological
data are available, are 1085 mm and 14.6°C, raspec-
tively, The predominant cover for all fields was *tall*
fescus (Festuca arundinaces Schreb.). o

Al fields were fertilized during the project. Flelds

" RB and WA received ammoninm-nitrate (NHNOy),
while fields RA and WB received poultry manure and
poultry litter, respectively. The treatment schedule
and application rates for selected fertilizer-con-
stituents mre given in Table 2. All fields were also
grazed by dairy caitle during the study period. Graz-
ing densities varied throughout the project as indicat-
ed in Table 3.

TABLE 2. Fertilizer Application Bchedale.

Application Ruts
(eg'ha)
Pleld Dats N ]

RAl 081502 . 8%4 19
0718/8 451 209
RB* ow2a92 81 o
o8/ 14/92 €7 0
o4/22/93 118 0
_ 07/14/93 13 o
WAS 0372392 188 Con
. 04/13/98 102 0
0MROES - m 0
032454 iy 0
wn? " owzaea 218 62
081388 144 58

o413/ 188 48
07/30/03 154 mn
OB 186 71

IFertilived with pouliry menure.
- SPertilized with smenium nitrate,

Fertilized with pouliry Htter.

Instrumentation to measure and sample runoff was
installed at the outlet of each field. Runoff was chan-
neled into type "H” flumes (Agricultural Resesrch
Service, 1979), Flume depths were 30.5 em for fields

RB and WB and 45.7 em for fields RA and WA, Still- ’

ing wells were consiructed and attached to the cut-
gides of the filomes, and an electronic pressure
transducer was placed inside each stilling well to
measure the water haight inside the flume. Pressure
transducer output was measured and recorded at five-
minute intervals by data loggers. The data logger ini-
tiated ranoff sampling by an automated sampler upon

;.I_AWRA

”

" Bdwards, Coyns, Vendrall, Danicl, Moare, and Murdoch

trough (approximately 4 cm wide by 8 cm deep)

. tions against runoff depth. The effects of grazing

a water depth of 2.5 cm in the Hume floor. Sampling
(1 L samples collected at five to ten-minute intervals
in polyethylens containers) continued until flume
water depth dropped below 2.5 cm or all (24) sample
bottles were filled. Samples were collected from n

installed just below the flume outlet. Rainfall was
measured and recorded at five-minuta intervals by
tipping bucket rain gauges. One gauge was used for
each pair of fields (RA/RB and WA/WB). All inatru-
ments were battery-powered and operated continu-
ously except for scheduled maintenance. -

&
TABYIE 3. Grazing Schedule.
Feid
RARS . A WwhB
Month/Yeur {anirmal tniteha)

8M1-192 2.0 0.8 0.3
293-3/82 2.0 0.0 1.0
495852 0.0 o L0
TH29/82 0.0 0.0 17
5/93-13/52 1.5 11 1.1
1534093 16 0.0 1.5
83 0.0 0.0 L5
&n3 0.0 0.0 0.9
n/es 0.0 0.0 0.0
$/82-10/98 s 1o 00
108194 1.4 0.5 0.5
2/84-3/04 0.0 0.5 0.5
a4 0.0 0.0 1.0

Runoff samples were collected as soon as possible
(< 24 b) following each runcff event and transported
to the Arkansas Water Resources Center Water Quali-
ty Laboratory for FC and FS analysia. Al FCand F8 ¥
analyses were conducted by the membrane filtration '
method {(Greenberg et al., 1992) within 24 hours of -
sample delivery. The automated sampler collection
bottles were sanitized by thorough washing and acid
soaking hetween storm events. Analyses of rinsate -
from the sanitized bottles indieated that the sanita-
tion technique was effective in removing all FC and
FS. Data from the F5S and FC analyses were used
with the observed yunoff rates to compute flow-
weighted concentrations of these bacterial parameters
for all storm events sampled. Storm avent FCIF8
ratios were computed based on flow-weighted mean
runoff concentrations of FC and F8.

The effect of runoff depth on Tunoff FC and FS con-
contrations was assessad by regressing the natuoral
logarithms of the respective flow-weiphted concentra-

o e A R Vi A T M

ERTR TR
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cattle were determined by first grouping the observed
FC and F8 according to whether the associated runoff
event occurred when cattle were present or absent.
Meana of the natural logarithms of concentrations
were then calculated and compared using the stan-
dard t-test. The effects of time of year on FC and FS
concentrations were evaluated by first grouping the
observations according to the “season” in which they
occurred. Four three-month seasons were used: Jan-
uary through March, April through June, July
through September, and October through Decamber.
One-way analysis of variance (ANOVA) was per-
formed using natural logarithms of FC and FS con-
centrations to test the significance of season as an.
explanatory treatment. The studentized Newman-
Keuls method was nged to separate means whenever
ANOVA indicated a significant seascn effect.

RESULTS AND DISCUSSION

Fecal coliform and FS concentrations are given in
Figures 1-4, in which gruzed and non-grazed periods
and fertilizer application dates are indicated. Selected
statistics for FC, FS, and FC/FS are given in Table 4.
Mean FC and FS concentrations were generally
greater than values reported in the previously-
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Figare 1. Fecal Coliform (FC) and Peca) Streptocoscus (FS)
Concentrations in Bonoff from Field RA. The arrows at the
top of the fAgure indicate pouliry mancrs application.
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inentioned investigations. While numerous factors
might bave played a role in mean concentration dif-

ferences, it is notdworthy that this study site was fur-

ther south than the cited studies. Mean ai
temperatures were presumably higher during this
study than the others, and it was pointed out that
some researchers have linked higher temperaters to
high concentrations of indicator bacteria in water.
Howell et al. (1996) reported considerably greatsr
regrowth of FC deposited in sediments at 35°C than
at 4°C, Temperature differences might thus have pro-
moted the FC and FS concentration differences in this
study compared to others.

Runoff concentrations of FC and FS were not sig-
nificantly affected by event runoff depth. Runoff
depth alse had ne significant impact on the FO/FS
ratio. This finding appears to be inconsistent with
earlier work that found a relationship between flow
rate and FC concentrations. Those studies, however,
involved streams rather than field runoff, and the dif-
ference is important. Fecal coliform and FS concentra-
tions in streams during base flow should logically be
relatively low, because of the filtration and the trave!

time that water supporting flow has presumsbly -

experienced. In contrast, the ronoff that partially
supports stream storm flow is generally associated
with less filtration and shorter travel times, both
of which are factors that promote relatively high

A
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Figure 2. Faca] Coliform (FC) and Fecal Streptococcun (F8)
Concentrations in Runoff from Field RB. The arrows at the
top of tha figurs indicate inorgwnic fartiliser sppllcstion.

JAWRA

Page 5 of 10




Case 4:05-cv-00329-GKF-PJC  Document 226-13 Filed in USDC ND/OK on 03/13/2006 Page 6 of 10

..... ey -
. 3
b
2 3 o B 4 o F k
E 3 . E - " @ :
E & . ]
8 100 SirLe o ey i ,0! -
€ f 2 e ™, o 3
) i F e " 3
- 100 g 10 P, =
: ¥ "o & 3
% E Bk Yae °© = 3
§ 100 § 10 . 3
; 5. :
10 [ 107 L B n X
F ® FC-Grazed !
F - B - FS5-Grazed
108 3 QO  FC-Ungrazed
. F 1 FS.tngrazed 3
Y I IS U P U DT T3 IR R U TP Eosa i lang s ]
st a2 wE? 303 0B3 0 84 G4 B/91 32 902 3\ @3 394 9md
Date ' . Date ’
Figorn S.Fwdﬁlﬁum@mlﬂwwim) Figure 4, Fecal Coliform (FC) and Fecal Streptococcus (F5)
Conctutrations in Ropolf from Field WA. The srrows st the Coneentrations in RunofT from Field WB. The arrows at the
top of the figure indicats Incrganie fertiliver npplication. top of the figure indicats ponltry litter apphication.
- TABLE 4. Belected Statisties for FC, FS, and FO/FS,
_¥ipld
Parameter BA B WA wB
PC {efn/109 mLy
Mean* 3T x 109 b" 27x104 s 87x108b 5Ex 10t s
Mairmm 1.7x108 B4 x 108 9.9 x 105 3.7x 108
Mininram 87 x 10} 19x 107 5.0x 10} 3.0x10°
¥S (cfu/100 mL) )
Mesn . 28x10th 1.1x105a 2.3x104b 42x104}b
Maxirom Lix10% . BBxlS 8.5 x 105 1.0% 107 -
- Minfmum 8.4 x 102 25x 105 18x 10! 13x 102
Mean 0.38 en - 454 732
M 244 140.00 123.58 102.27
Miniaum : o.01 0.30 0.00 0.09
*Ceoxmetric menn.

“+Within.row mmeans follawed by the same lstter ure not sigaiflcantly (p < 0.05) dillerent.

concentrations of FC and FS, In the case of fields concentrations are related less to Tunoff amountﬁ 1
where outflow depends solely on runoff, the issue of than simply to the oceurrence of runoff.

bage flow versus. storm flow is moot. The resuils of Thare wers significant between-field differences in
this study thus do not contradict those of earlier stud- mean runcff ¥C and FS concentrations as indicated
ies, they simply suggest that significant FC and in Table 4. Unfortunately, it is easier td aliminate fac-
FS concentrations are an inherent characteristic of tors that might heve cansed the differences than to
runoff under the study conditions, and that those identify the responsible factor(s). Animal manure

JAWRA ) 418 JoURNAL OF THE AMERICAN WATER RESOURCER ASSOCITION
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I opplication alone is not responsible for FC and F8
" concentration differences, because field RB, which
was amended with only inorganic fertilizer, was in the
highest groupings for both FC and ¥S concentrations.
The maximum runoff FC and FS concentrations
observed for field WB ociurred one duy following
application of poultry litter (Figure 8), but there were
generally no consistent relationships between manure
application and rineff FC and FS concentrations. Dif-_J
ferences in grazing practices are also not the sole fac-
tor responsible for FC and FS runoff concentration
differences. Indeed, Figures 1-4 suggest that the pres-
ence of grazing cattle made little if any difference in
runoff FC and FS concentrations, as digcussed later,
For example, field RB had significantly (p < 0.05)
greater mean runoff FC and FS concentrations than
field RA, even though both fields were contained with-

in one fenced area and were therefore identical in -

terms of grazing practices. ‘
Fecal coliform and FS runoff concentrations varied
significantly betwoen seasons for all Selds except RB
(Table 5). Except for ficld RB, the months of January
through March were always in the lowest grouping of
mean rupoff FC and F8 concentrations while the
months of July threugh September were among the
highest. Theas findings are consistent with those
reported by Jawson et al. (1582), Skinner et al. (1974),
Stephenson and Street (1878) and Tiedemann et al.
(1288), who alsc noled higher FC and FS concentra-

tions during warmer seasons. o

Relationships between grazing and FC and FS
runoff concenirations were inconsistent. There were
significant differences between mean FC and FS
runoff concentrations during grazed and ungrazed
periods only for field RA..The presence of grazing

Fecal Coliform and Streploibecus G:_nnnm;tuﬁunu in Runoff from Graxed Pastores in Northwest Arkansas

cattle had no measursble impact on either FC or FS
concenirations for the remaining three fields. Inter-
estingly, the mean runoff FC concentration for Field
RA during grazed pericds (2.3 x 103 cf/100 mL) was
significantly (p < 0.06) lower than during ungrazed
periode (1.3 x 104 cf/100 mL). Mean rundff’ FS con-
centrations were similarly lower during ‘grazed peéri-
ods (1.4 x 104 ¢fw/100 mL) than during ungrazed
periods (8.5 x 105 ¢fu/100 mL). Table 3, however, indi-
catas that the ungrazed periods on Field RA generaily
corresponded with warmer months. The grazing
treatment effect might thus sctuslly be a reflection of
the season effect. _

Ratios of FC to FS concentrations were generally

" Jess than 1. Median FC/FS concentration ratios were

0.22, 0.13, 0.30, and 1.24 for fields RA, RB, WA, and
WB, respectively. In a few cases (7 percent of the total
observed events), however, FC:FS concentration ratios
were greater than 6. It is very unlikely than soarces
of human origin were responsible for the elevated
FC/FS concentration ratios, Thus, the data from thiz
study indicate that the FC/FS concentration ratio
alone is not & reliable indicator of the source of the
coliforms and strepiecoced in runoff,

Relative to standards for primary contact (200
cfu/100 mL) and secondary contret (1000 ¢fu/100 mL),
runoff quality with respect to FC concentrations was
consistently poor. Fipures 5-8 indicate that FC runoff
concentrations failed to meat the primary contact
standard in from 89 (Geld RA) to almost 100 percent
(field WB) of a}) observed runoff events. The sec:
ondary contact standard of 1000 cfw/10D mL was
exceeded in from 70 percent (field RA) to almost 100
percent (field WB) of all runoff events. It appears
unreasonable to expect that under the tonditions of

TABLE 5. Seasonal Ménn® Fecal Coliform mnd Focal Stroptocoocus Concentrations

Bomeon**
® Winter ng Bo. Fall
Fisld (cf/100 ml)
RA - ‘ ‘ .
. FC 49x 109k 48x103a 2.8 % 104 ptr 9.3x10%b
¥8 49x10b 49x 104 9b Lix10%a: 1.0x104ab
WA
4.5 x 10% 9.2x 10%¢ 85x10%a 8.3x107b
¥FB 75x 108 b 21x10%a 84x104n 25x104a
WB .
FC 7311070 12x105a T2xitta 4.4:10“71
5] ZEx 1 h ESx 104 98x10ta dAx10%a
*Geomatric menn.

**Winter |8 January through March, Bpeing/Summer fa July through September, and Fall in October through December.
reaWithin-row means followed by the sama lstter are not significantly {p > 0.05) different. :
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this study, runoff will consistently mest primary (or
even secondary) contact standards in terms of ¥C con-
centrations. Thia does not indicate, however, that the
intended uses of the receiving waters will necessarily
be impaired due to high FC concentrations. Even
assuming that the receiving waters (i.e., streams)
have FC concentrations as high as the contributing
runoff, and assuming further that nonpoint sowrt

pollution (i.e., FC in runofl) is the cause of the high
FC concentrations, then these high concentrations
will generally be associated only with rainfall-runoff
events. On the basis of earlier:cited studies, the high
FC concentrations should thus be transient, and FC
concentrations should decrease with the recession of
storm flow. If the intended uses of the receiving

waters are pritoary and secondary coniatt, then it is
relevant to ask whether these uses are practical dur
ing periods of high FC concentrations - in other
words, during storm flow. If activities such as swim-
ming and boating are not practical during high
stream flows, then it is logical to question thé appro-
priateness of applying standards to nonpoint pollution

sources that are better suited to point pollution
sources, )

SUMMARY

Nearly three years’ runoff from four Northwest
Arkansas pasture fields was sampled and analyzed
for focal coliform (FC) and fecal streptococcus (FS).
The fields were grazed and fortilized during the study,
with two fields receiving anime! manure and the
other two receiving inorganic fertilizer.

The quality of runoff was consistently poor in
terms of FC concentrations. Runoff FO concentrations
exceeded the primary contact standard of 200 cfu/100
ml during at least 89 percent of all runoff events, and
the secondary contact standard of 1000 cfu/100 mi,
was exceeded during at leadt 70 percont of the events.

In general, FC and FS concentrations were not
directly related to cither treatment with animal
manure or presence of grazing cattle. The lack of an

* animal manure treatment effect might be related to

the interval batween application and runoff. Maxi-

.mum FC and F8 concentrations for one field (WB)

were measured for runoff that sccurred one day fol-

‘lowing poultry litter application, but the interval

between manure application and runoff was other-
wise (sometimes appreciably) greater than one day.
Die-off of unprotected (against sunlight, dessication,
ete.) FC and ¥S in the interval between application
and ranoff might have contributed to the finding of no
congiatently notable differences in FC and FS concen-

trations in runeff occurring prior to and following
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application. The lack of consistent, grazing effects on
runoff FC and FS concentrations could have been due
in part to buffering of runoff as it traveled from
manure deposits to the field outlets. Another possible
reason for this result is that the ungrazed periods
might have been too short for runoff concentrations of
FC and FS originating from cattle manure to reach
background conditions; this explanation would be con-
sistent with the earlier-cited work of Thelin and Gif-
ford (1983) and Kress and Gifford (1984).

On the other hand, both FC and FS concentrations
were significantly affected by the season during which
the runoff cccurred, with higher eoncentrations
observed during the warmer months. This finding
supports resuits reported by Jawson ef al. (1882),

- Bkinner ¢f al. (1984) and Tiedemann ef al. {1988) and

might be evidence of FC and FS regrowth during
warm conditions in environments that sre relatively
protected from sunlight and desiccation (e.g., the inte-
rior of manure deposits).

Ratios of FC to FS toncentrations varied widely,

* ranging from almost zero to more than 100. These

data confirm earlier findings that FC/FS ratios are

-not & reliable indicator of the scurce of FC and FS in

the runoff. The lack of consistent FO/FS ratios might
be dus to different die-off rates coupled with variable
intervais between manure deposition/application and
runoff, a5 other researchers have suggested.
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